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A Primer on Epidemiology with SARS as an Example
Tener Veenema, PhD, MPH, CPNP T here is a strong relationship between disasters and infectious disease. 1 Disasters produce compromised living conditions and cause populations to move. Any significant change in the environment may serve as a precursor to an infectious disease outbreak. In other cases, an infectious disease outbreak can overwhelm the surge capacity of the health care system and allow the disease to spread throughout a community. Whether a disease spreads and how quickly it spreads depends on several factors-the pre-existing levels of disease, the demographics of a population (eg, age, immune status), the density of the living conditions, the quality of sanitation and hygiene, and access to basic and preventive health services.
Public health officials and care providers are challenged to respond immediately and effectively when a public health emergency is discovered, such as with the emergence of severe acute respiratory syndrome (SARS). The same system and process will be called on to respond to both natural and bioterrorist events. This article describes basic steps used in the public health approach with use of the recent SARS experience as a model to demonstrate international efforts. Implications for health care providers are described.
EPIDEMIOLOGY
An epidemic occurs in a susceptible population when a new disease agent is introduced at the same time that a mechanism that facilitates large-scale transmission is present. (See Table 1 for a list of commonly used terms.) The systematic approach to studying epidemics is referred to as epidemiology, which is further defined as "the study of the distribution and determinants of health-related states or events in specified populations, and the application of this study to control of health problems." 2 Epidemiology focuses on identifying the following: (1) patterns of disease (eg, what health problems occur, who has these problems, when and where these health-related events occur); (2) etiology (ie, how and why the observed patterns of disease occur); and (3) how to control the disease processes and, when possible, prevent the disease.
Purposes of Epidemiology
According to Lilienfield and Lilienfield 3 and updated by Timmerick, 2 epidemiology has the following 3 main purposes:
• Explain the etiologic factors (study the cause of the diseases) of a single disease or group of diseases, conditions, or disorders by analyzing medical and epidemiologic data. • Determine whether epidemiologic data are consistent with the proposed hypotheses and with current scientific, behavioral, and biomedical knowledge. • Provide a basis for developing control measures and prevention procedures for groups and populations at risk and for developing needed public health measures and practices, all of which can be used for evaluation of the success of such measures.
Patterns of Disease
Health care officials are on the alert to recognize outbreaks of disease and to prevent a greater spread. Direct health care providers have the responsibility to identify unusual types or numbers of cases and to report their findings to the public health system. The reporting of some pathogens is mandated by law.
Public health officials analyze data from direct providers to determine whether a significant event (ie, outbreak) has occurred. Epidemiology often is viewed as a methodology for population-based research and a tool for scientific investigation-as in the case of SARS. In the initial step of the epidemiologic process, data related to specific health problems are collected and assessed. The goal of this step is to describe the pattern of disease occurrence in terms of person, place, and time.
After a disease is identified, hypotheses are developed to explain the observed pattern(s) and subsequently are tested with statistical methods. On the basis of these results, interventions to prevent or control the health problem are planned, implemented, and evaluated.
Etiologic Factors and Transmission of Disease
Infectious diseases are a threat because the infecting organism can be transmitted either directly (from person to person) or indirectly (via vectors or fomites). Of particular concern are infections that are hospital-acquired (nosocomial). Hospitalized patients are at risk for infection because of medications and procedures that interfere with normal immunity, the ease of transmission of microbes by hospital personnel, the concentration of infected persons in 1 institution, and the emergence of antibiotic-resistant strains of organisms. Health care workers who care for hospitalized patients also are at risk for becoming infected.
The epidemiologic process uses a sequential approach of assessment, planning, implementation, and evaluation to address health-related problems and applies this information to population aggregates. Direct health care providers not only have the responsibility of helping to identify new cases but also in identifying when infection control procedures have not been complied with or are not effective. It is noteworthy that the majority of SARS infections in health care workers appear to have occurred in settings in which infection control procedures were either not used or were not adhered to appropriately. 4 
Prevention of Disease
All health care providers are challenged to prevent the spread of infectious diseases. The goal of public health during an outbreak is to protect the public through primary, secondary, and tertiary levels of prevention, as described in the following:
• Primary prevention involves halting the occurrence of a disease before it happens. Primary prevention uses efforts such as health promotion, health education, and health protection to protect at-risk populations. 1 Examples of primary prevention efforts include immunization of at-risk people; water purification; decontamination of items and buildings thought to be associated with the disease; basic personal hygiene; and eliminating the opportunity for exposure, such as elimination of potential animal reservoirs and quarantine of infected persons. The goal is to prevent the appearance of symptoms associated with the disease. • Secondary prevention involves using health screening and detection activities to discover who is infected with the pathogen responsible for the disease. The aim of secondary prevention is to block the progression of the disease. • Tertiary prevention. The aim of tertiary prevention is to halt the progression of disease in persons who already are affected. It consists of limiting the occurrence of disability by providing prompt diagnosis, treatment, and proper rehabilitation to slow the progression of disease or prevent its recurrence.
EVALUATING SARS FROM AN EPIDEMIOLOGIC PERSPECTIVE
Recognizing Patterns of Disease
Public health monitoring. SARS was first reported in Asia in the Guangdong province (China), Hanoi (Vietnam), and Hong Kong. On Feb 26, 2003, a man was admitted to a hospital in Hanoi with high fever, dry cough, myalgia, and mild sore throat. During the next 4 days he developed increasing breathing difficulties, severe thrombocytopenia, and signs of adult respiratory distress syndrome that necessitated ventilator support. 5 In March 2003, Hong Kong health officials first recognized a cluster of cases of atypical pneumonia in the Prince of Wales Hospital. Earlier in the month, Hong Kong epidemiologists detected an unusual pattern of transmission among guests and visitors at the Metropole Hotel. Guests and visitors on a single floor of the hotel are thought to have spread SARS to Toronto and Singapore and to have started the outbreak in Hong Kong's Prince of Wales Hospital. The spread of SARS also has been strongly associated with residence in Amoy Garden, a large housing estate containing ten 35-story blocks where 15,000 people reside.
After the appearance of SARS in February, the disease has since spread internationally. On April 9, 2003, Chinese authorities announced updated figures for the number of cases of SARS and deaths in the Guangdong province. Chinese authorities were criticized for responding too slowly to the emerging threat and started a process of setting up a reporting system that resulted in daily real-time reporting of SARS cases throughout the country. Hong Kong continues to have the largest outbreak of SARS, second only to China. Singapore, Vietnam, and Canada have reported suspected and confirmed cases. The majority of patients identified as having SARS have been adults ages 25 to 70 years who previously were healthy. Few suspected cases of SARS have been reported among children 15 years or younger.
The World Health Organization is coordinating the international investigation of SARS with assistance from the Global Outbreak Alert and Response Network ( Table 1) . The World Health Organization is working closely with health authorities in the affected countries to provide epidemiologic, clinical, and logistical support. The Global Outbreak Alert and Response Network is a technical collaboration of existing institutions and networks that pool human and technical resources for the rapid identification, confirmation, and response to outbreaks of international importance. The network provides an operational framework to link expertise and skill to keep the international community constantly alert to the threat of outbreaks and ready to respond.
In the United States, the Centers for Disease Control and Prevention (CDC) and the CDC's Epidemic Intelligence Service (EIS) (see Table 2 for online access information) are providing support to contain the outbreak. EIS is organized to work across all programs at the CDC, from infectious diseases to maternal health. A cadre of experienced epidemiologists throughout CDC and in state and local health departments serve as day-to-day mentors or primary supervisors to EIS officers. Since the program's establishment, EIS officers have worked on more than 10,000 studies and investigations. Each year, they assist with approximately 100 investigations, such as SARS, that are requested by states and other countries. In addition, field officers assigned to state and local health departments conduct an average of 500 studies and consultations per year. Because SARS is a focus for continuous research, readers are directed to Table 2 for access to Internet resources with current information.
Clinical monitoring. In general, SARS begins with a prodromal period marked with a fever greater than 100.4°F (Ͼ38.0°C) and is sometimes associated with chills and rigors. Patients may have other symptoms, including headache, malaise, and myalgia. At the onset of illness, some persons have mild respiratory symptoms. Typically, rash and neurologic or gastrointestinal findings are absent; however, some patients have reported diarrhea during the febrile prodrome. Other symptoms may include headache, an overall feeling of discomfort, and body aches.
After a 2-to 7-day incubation period, a lower respiratory phase begins with the onset of a dry, nonproductive cough or dyspnea, which might be accompanied by or progress to hypoxemia. In 10% to 20% of patients, the respiratory illness is severe enough to require endotracheal intubation and mechanical ventilation.
Results of chest radiographs might be normal during the febrile prodrome period and throughout the course of illness. However, in a substantial proportion of patients, the respiratory phase is characterized by early focal interstitial infiltrates progressing to more generalized, patchy, interstitial infiltrates. The results of some chest radiographs from patients in the late stages of SARS also have shown areas of consolidation. 6 Early in the course of disease, the absolute lymphocyte count often is decreased. Overall, white blood cell counts generally have been normal or decreased. At the peak of the respiratory illness, approximately 50% of patients have leukopenia and thrombocytopenia or low-normal platelet counts (50,000-150,000/L). Early in the respiratory phase, elevated creatine phosphokinase (as high as 3000 IU/L) and hepatic transaminase levels (2 to 6 times the upper limits of normal) have been noted. In the majority of patients, renal function has remained normal. 7
Suspected Etiologic Factors and Transmission of Disease
The CDC has sequenced the genome for the coronavirus believed to be responsible for the global epidemic of SARS. 8 SARS is believed to be spread by exposure of contaminated respiratory droplets during close person-toperson contact. It is possible that SARS also can spread more broadly through the air or from touching fomites.
Prevention of Disease
Primary prevention. Primary prevention of SARS is directed toward halting the occurrence of the disease before it happens. Health promotion activities to decrease the transmission of SARS includes promoting basic personal hygiene (careful handwashing with soap and water; if hands are not visibly soiled, alcohol-based hand rubs may be used as an alternative), decontamination of potential fomites, and travel restrictions to affected countries. Placing a surgical mask on a suspected SARS patient for contact with others at home is recommended. If the patient is unable to wear a surgical mask, it may be prudent for household members to wear surgical masks when in close contact with the patient.
Quarantine has been used throughout history to separate the sick from the well and actually was the first public health measure instituted that showed a measurable level of effectiveness in controlling the spread of disease. In the late 1800s and early 1900s, quarantine activities were credited with reducing mortality. On April 4, 2003, an executive order added SARS to the list of communicable diseases that is subject to quarantine under the Public Health Service Act. The order allows for individuals to be quarantined under public health law if they pose a threat and refuse to cooperate with a voluntary request.
When suspected SARS patients are seen in health care facilities, they should be placed in a separate isolation area to determine whether they meet the case definition and require isolation. A surgical mask should be placed on the patient if possible, and strict respiratory and mucosal barrier nursing is recommended. 6 Cases of SARS continue to be reported mainly among ; contact precautions (eg, use of gown, gloves, and eye protection for contact with patients or their environment); and airborne precautions (eg, an isolation room with negative pressure relative to the surrounding area and use of an N-95 filtering disposable respirator for persons entering the room). 9 Secondary prevention. Patients suspected of having SARS are evaluated on the basis of history and diagnostic tests. A significant history includes travel within 10 days of onset of symptoms to an area with documented or suspected community transmission of SARS; close contact with a person with a respiratory illness who has traveled to a SARS area or a person known to be a suspect SARS case. 4 Initial diagnostic testing should include chest radiograph, pulse oximetry, blood cultures, Gram's stain, and culture of sputum as well as testing for viral respiratory pathogens, notably influenza A and B and respiratory syncytial virus. Clinicians should save any available clinical specimens (respiratory, blood, and serum) for additional testing until a specific diagnosis is made. Persons with a positive history and symptoms should be considered for admission to hospital. Close contacts and health care workers should seek medical care for symptoms of respiratory illness that develop after contact with a suspected SARS patient.
Tertiary prevention. Because the etiologic factors of SARS have not been scientifically determined, no specific treatment recommendations can be made at this time. 5 Empiric therapy should include coverage for organisms associated with any community-acquired pneumonia of unclear etiologic origin, including agents with activity against both typical and atypical respiratory pathogens. Treatment choices may be influenced by the severity of the illness. Infectious disease consultation is recommended. In several locations, therapy has included antiviral agents such as oseltamivir or ribavirin. Steroids have been administered orally or intravenously to patients in combination with ribavirin and other antimicrobial agents. At present, the most efficacious treatment regimen, if any, is unknown.
CONCLUSION
The identification and treatment of SARS represents a public health challenge and a case study in the epidemiologic approach to infectious disease control. The basic principles of epidemiology include identifying patterns of disease; discovering the etiologic factors and transmission of the disease; and incorporating primary, secondary, and tertiary prevention strategies. The current experience of working with SARS has been used as an example of how international health care providers are working together to control the spread of a new and previously unknown disease. 
